The value of integrated team delivery models is not firmly established. OBJECTIVE To evaluate the association of receiving primary care in integrated team-based care (TBC) practices vs traditional practice management (TPM) practices (usual care) with patient outcomes, health care utilization, and costs. DESIGN A retrospective, longitudinal, cohort study to assess the association of integrating physical and mental health over time in TBC practices with patient outcomes and costs.
L imited evidence is available to support the utility of medical home and accountable care integration with mental health and primary care teams. [1] [2] [3] [4] In 2000, Intermountain Healthcare (hereafter referred to as Intermountain), a fully integrated delivery system, attempted to address this evidence gap by incorporating physical and mental health interdisciplinary teams in patient care. 5, 6 The Intermountain Mental Health Integration (MHI) program is an essential component of preventive medicine and chronic disease management. This program has been deployed within local clinics 7, 8 and has been sustained across diverse primary care practices (family medicine, pediatrics, and internal medicine) over the past 16 years. Preliminary evidence suggests that patients treated at MHI clinics compared with traditional practice management (TPM) clinics (ie, usual care) have higher satisfaction, improved quality outcomes, reduced cost for the health care system, and decreased utilization. 7, 8 In 2010, the MHI team structure provided the foundation for personalized primary care and sought to standardize the team-based care (TBC) strategy for population health management, expand nursing care management resources, and adhere to national medical home guidelines. Although the benefit of a team approach appeared promising, 4, [9] [10] [11] additional evidence was needed to support its value within a large delivery system. The objective of this study was to evaluate the association of receiving primary care in TBC practices vs TPM practices with patient outcomes, health care utilization, and costs.
Methods

Study Design
A retrospective, longitudinal, cohort study was conducted to assess quality, hospital utilization, and cost outcomes associated with receipt of primary care in TBC practices. Adult patients (aged ≥18 years) were identified from unique Intermountain primary care practices over the observation period of 2003 through 2013 using Intermountain's enterprise data warehouse to query patient health information. Patients were included if they met the following criteria: (1) patients had to have at least 1 outpatient visit with a primary care physician (family medicine, internal medicine, geriatric, or pediatric specialty) during 2003 through 2005 and (2) a continuous service encounter from an Intermountain delivery location (either acute, ambulatory, radiologic, or laboratory services) at least once a year for each of the 10 years during the observation period (Figure) . This extended duration was necessary to ensure that the clinics that adopted the TBC approach could implement it from an organizational perspective. Outcomes for patients with continuous encounters were assessed between 2010 and 2013 to determine the differences associated with their exposure to TBC compared with TPM. (Figure) .
Exposure TBC integrating physical and mental health was adopted and routinized over time in an attempt to improve quality outcomes compared with TPM for patients treated in internal medicine, family practice, and geriatric practices. Individual patients were assigned annually to TPM or TBC exposure based on the primary care practice visited. Practices were annually classified by Intermountain Medical Group leadership during the 4-year period of 2010 through 2013 using an MHI team scorecard administered according to the standardized MHI care process model 12 and a modified patient-centered medical home assessment based on the National Committee for Quality Assurance (NCQA) recognition. Furthermore, TPM practices had not implemented any components of MHI or NCQA elements toward a team care redesign and were designated as TPM (no-TBC). TBC practice status was achieved if teams satisfied coordinated care process goals defined by the 5 MHI components and 3 NCQA levels (eFigure 1 in the Supplement).
The MHI components (leadership and culture, clinical workflow, information system, financing and operations, and community resources) and NCQA levels guide clinic teams through planning, adoption, and routinized phases of TBC. 13 The interdisciplinary clinical team was organized around the primary care physician and monitored by the operations manager. Each team member was trained in specific responsibilities that contributed to a collective holistic patient care plan with measureable outcomes. Communication and shared decision making followed standardized care process model protocols and was linked by a common electronic medical record. 14, 15 Process level clinical support was derived from longitudinal, disease-specific patient registries that tracked clinical and financial data for each patient. The core attributes of practices that achieved TBC included engaged physicians who have embraced normalizing mental health 7 and NCQA accreditation, care coordination for chronic disease with established routine workflows and protocols, knowledge of team roles with consistent use of standard assessment and decision support tools, communication through electronic medical records, patient engagement in care planning, and outreach to family and community. Patients who received TBC had access to accountable team members who were knowledgeable in addressing the complexity of their health concerns.
Baseline Patient Characteristics
Patients who received care in TBC practices and TPM practices were compared based on patient and clinical characteristics that existed prior to the study period (January 1, 2010). These included demographic information (age, sex, race/ ethnicity, yearly payer status) and clinical characteristics (history of depression, diabetes, coronary heart disease, congestive heart failure, atrial fibrillation, high blood pressure, or cancer) (eTable 1 in the Supplement).
The Charlson Comorbidity Index 16 was used as a proxy for the number of chronic conditions. The number of years of patient exposure to routinized MHI was calculated prior to the study period (2003) (2004) (2005) (2006) (2007) (2008) (2009) to adjust for previous MHI exposure, which may have been related to positive outcomes during the study period. Patients' sources of payment for services were recorded as self-pay or uninsured, Medicaid, Medicaid contracted, Medicare, Medicare contracted, other commercial, and Intermountain insurance plan (SelectHealth); patient payer was determined by assigning a patient's insurance status together with the largest total annual payer category-based ambulatory and hospital charges.
Intermountain is organized as a geographic "center of excellence" model, based on historic travel and referral patterns. Each of its 5 geographic regions is anchored by hospitals, specialty and primary care clinics, and home health. Practice locations were stratified based on locally defined organizational regions. In addition, practices were stratified based on their referral pattern specialty (ie, family medicine, internal medicine, geriatrics, or pediatrics). All data were checked using both internal (ie, data measures were assessed for outliers and erroneous values using summary statistics for frequency and data distributions) and external (ie, a random selection of approximately 100 records were checked against the electronic medical records and internal patient registries) data validation processes. 17 
Outcomes Measures
Quality, Utilization, and Cost Quality performance measures were determined by the primary care clinical program and derived from Intermountain data sources as target goals for measuring quality improvement and care process model adherence. Patients were screened and treated for depression according to the standardized depression and MHI care process model 12, 18 and monitored through a longitudinal depression registry.
For patients diagnosed with diabetes, 19 all 5 components of the Intermountain diabetes bundle were required for patient adherence and included (1) a retinal eye examination performed in the previous 2 years, (2) a nephropathy screening or prescription of angiotensin-converting enzyme or angiotensin receptor blocker performed in the last year, (3) blood pressure lower than 140/90 mm Hg, (4) low-density lipoprotein level lower than 100 mg/dL, and (5) glycated hemoglobin level lower than 8.0% of total hemoglobin. For patients with hypertension, a blood pressure of less than 140/90 mm Hg based on the most recent outpatient visit was required to have blood pressure considered to be controlled. Annual primary care visits, documentation of advanced directives, and selfcare plans for identified chronic diseases (ie, diabetes, depression) were collected for the TBC process goals.
Intermountain's enterprise data warehouse was queried for all hospital admission data, emergency department visits, and ambulatory visits (primary care, specialty care, and urgent care clinics). The number of ambulatory care-sensitive hospital admissions in combination with emergency department visits were calculated according to formulas developed by the National Quality Forum and Agency for Healthcare Research and Quality 20 using select admissions or visits that could be avoided if sufficient primary care was provided.
Cost of care was assessed as actual payments received by the delivery system from all payers and patients during the study period (2010-2013). The aggregated payments included all of the following services performed within the Intermountain delivery system: acute care, ambulatory care, laboratory, and radiology services. Because variation in payment exists among payers, this was stratified by the insurance type. The enterprise data warehouse provided diagnoses and procedure codes and Intermountain's financial data, which included total payments received from the insurance company and the patient. Cost of care was calculated from actual payments received and investment costs of the program.
Investment Costs of the TBC Program
Investment costs were computed based on actual expenses incurred during the study period (2010-2013). Data were obtained from internal payroll, accounting, and asset management data systems. Annual costs were divided into 2 categories: one-time transition costs and ongoing operational costs. All transition costs were conservatively treated as expenses in the year incurred. One-time transition costs included clinic or infrastructure expansions, phones, and computers. Infrastructure for all practices was continually added each year until they reached a stable state in 2013, which was used as a total investment cost of the program, including practices that had not reached TBC during the study period.
Figure. Flow of Patients Through Study, Inclusion and Exclusion
Ongoing operational costs included labor expenses, care coordination payments, and quality incentives. Labor expenses included additional salaries of nurse care managers, medical assistants, and mental health providers. Care coordination payments consisted of monthly per-member payments made to the TBC clinics based on the number of attributed members to each TBC clinic. Quality incentives consisted of lump sums paid to the TBC clinic annually based on quality performance. Care coordination payments and quality incentives were treated as deployment costs because they were only provided by Intermountain's own insurance company and, as such, these payments and incentives represented a cost of running the program.
Statistical Analysis
Generalized estimating equations were used to test the null hypothesis that quality, utilization, and reimbursement costs were not different among patients who received care in TBC practices compared with TPM practices. 21, 22 The unit of analysis for this study was person-years of exposure. Each model was adjusted for quality, utilization, and cost outcomes based on patient demographic characteristics (age, sex, race/ethnicity), patient comorbidities (Charlson Comorbidity Index), 16 geographical region of care, type of insurance, number of years of routinized MHI prior to the study period (2003) (2004) (2005) (2006) (2007) (2008) (2009) , and the previous year of TBC implementation exposure.
Models were derived using robust standard errors to account for heteroscedasticity, colinearity, autocorrelation within observations, and patient clustering among practices. Because these statistical methods may be sensitive to missing data, and to avoid any potential bias related to missing data, only patients who had annual encounters with the Intermountain delivery system (2003-2013) were included (missing data for the patient cohort was less than 1%). Sensitivity analyses (ie, inclusion and exclusion of covariables and their perceived relationship to independent and dependent variables within statistical models) and postestimation (ie, confirmation of the correlation matrix structure and Hausman model specification test) were used to ensure validity of the models.
For measures of quality, a multivariable logistic analysis was fit using generalized estimating equations to derive odds ratios (ORs). When evaluating the association of utilization in acute and ambulatory settings, a Poisson distribution was used to calculate the incidence rate, defined by the number of incident events (ie, emergency department visits or admissions to the hospital) adjusted by the total person-years at risk. A linear analysis was fit with a generalized estimating equation when determining the association of costs with exposure. Due to the non-normal distribution of the dependent variable, models were adjusted using a γ distribution. We took the point estimate and applied or normalized the number of TPM events and percentages using the number of TBC events and percentage multiplied by the OR divided by the incidence rate ratio (IRR).
All outcome measures were defined a priori based on Intermountain's clinical program board goals for quality. Post hoc, stratified subgroup analyses were performed using these measures to identify meaningful differences among selected populations (patients with depression, diabetes, differing insurance payers, and by the number of chronic diseases). To corroborate findings post hoc, stratified analysis was performed to compare clinical and utilization outcomes for patients who received care only in TBC with patients who received care in only TPM practices over all 4 years of the study (ie, from practices that did not change designation as TBC or TPM over the 4-year study period).
Because the association of receiving care in TBC practices and in TPM with measures of quality, health care utilization, and reimbursements costs are 3 independent tests of change, multiple comparison adjustments were performed within categories for multiple measures. 23 For the primary analyses, P values are presented with a Bonferroni correction for multiple comparisons defined as .05 divided by the count of independent tests of hypotheses in each measurement category. Thus, for outcomes related to quality of care and health care utilization, a P value of less than .008 (.05 divided by 6 independent tests each) was needed to attain statistical significance. For the hypothesis related to decreasing actual payments to the system at P value of .05 or less (only 1 measure studied) was required to reach statistical significance. There was not a prespecified power estimate and statistical analysis were not performed for differences in baseline characteristics. All analyses were performed in Stata (StataCorp), version 12.0, and hypothesis testing was 2-sided.
Results
Identifying the Patient Cohorts
Of the 113 practices observed over the study period (2010-2013), 102 practices were classified annually as TBC (n = 27) or TPM (n = 75). Of the TBC practices, 12 practices (44%) were TBC practices for all 4 study years (2010-2013), whereas of the TPM practices, 20 practices (27%) were TPM practices for all 4 study years ( Table 1) . Eleven practices were classified in planning or adoption phases of TBC for the entire study period. The number of practices increased during the study period from 91 in 2010 to 113 in 2013 due to the growth of Intermountain Medical Group and the subdivision of larger practices. Subsequently, the same patients included in the analysis of outcomes could have accessed a greater number of practices.
During the baseline period for identification of the cohort (2003-2005), 558 254 patients had at least 1 outpatient visit with a primary care physician (family medicine, internal medicine, geriatric, or pediatric) within the Intermountain delivery system (Figure) . Of these patients, 429 806 patients were excluded (176 610 who were younger than 18 years at the time of study enrollment and 253 196 who did not have a continuous relationship of 10 years and older with the Intermountain delivery system). Of the remaining 128 448 patients, 14 996 were attributed to practices that were in planning or adoption phases and did not have TBC or TPM exposure during the study period (2010-2013). The remaining 113 452 patients included over the . Of patients in these groups, 28 063 patients (69% of total person-years) were exposed to TBC and 23 533 patients (54% of total patient years) were exposed to TPM for all 4 years of the study period. Patient exposure and practice shifts over the study period are shown in 
Patient and Practice Cohort Characteristics
Baseline demographics and clinical and practice characteristics are summarized in Table 2 . There were no clinical differences in age, race/ethnicity, or insurance type among the cohorts. Patients in the TPM group were more likely to be women and had little to no exposure to TBC implementation prior to the study period. Patients in the TBC group had more chronic diseases, including high blood pressure, depression (specifically active depression), and diabetes, as well as higher Charlson Comorbidity Index scores. Practice specialty differences were present for TBC and TPM practices. Years of exposure to MHI at baseline were different for TBC and TPM practices ( Table 2 ).
Quality Measures
All quality measures were adjusted for multiple comparisons with a significance level of a P value of .008 or less. Table 3) . Post hoc stratified analysis comparing outcomes for patients who received care only in TBC with patients who received care in only TPM practices over all 4 years of the study showed that TBC was also associated with higher rates of quality measures (screening for depression, P < .001; documented self-care plans, P < .001; and annual visit with a primary care physician, P < .001), but no significant difference in adherence to the diabetes bundle (eTable 3 in the Supplement).
Service Utilization Measures
All utilization measures were adjusted for multiple comparisons with a significance level of P value of .008 or less. Of the 113 total practices were studied over the period of 2010-2013, 102 practices were designated as TBC (n = 27) and TPM (n = 75). Eleven practices were designated as planning or adoption TBC throughout the entire study period 2010-2013. were associated with significant reduction in payments to system compared with TPM. The overall estimated cost of the program to Intermountain during the study period (2010-2013) was $12 065 467 at $9.86 per patient annually. The highest amount of cost $22.19 per patient annually (total of $7 747 083) was observed in the last year of the program (2013) when it was fully implemented (eTable 2 in the Supplement). The investment costs of the program were lower than the reduction in payments received by the delivery system.
Discussion
In this observational study, receipt of primary care in TBC practices compared with TPM practices was associated with significantly higher rates of some quality of care measures, reductions in some measures of acute care utilization, and decreased actual payments to the delivery system from all payers and patients. Compared with TPM, TBC also was associated with improved quality of care for patients with depression and diabetes, but with decreased quality for patients with hypertension. The study suggests the value of coordinated team relationships within a delivery system emphasizing the integration of physical and mental health care. To our knowledge, this study has observed the largest cohort of patients, physicians, or clinics involved in team-based care and longitudinally evaluated to date. [24] [25] [26] [27] [28] It highlights the challenge of transforming physician practice over time to function as a team and manage the complexities of population health. 29 The TBC group only accounted for 8% of Intermountain's total Medical Group patients, and there may be potential savings with further implementation particularly for chronic diseases with focused quality goals, which showed greater reduction in payments received. Primary care visits in the TBC group were lower than in the TPM group possibly due to care management outreach, whereas urgent care and specialty care visits were not significantly different between the groups. Urgent care provides 24-hour access and is in close proximity to primary care clinics potentially diverting emergency department utilization. Visits to specialty care were coordinated and followed standard protocols as clinics matured their TBC.
Deploying patient-centered medical homes involves financial investment and management attention. For example, most clinics need modifications to their buildings to house more professionals working in new arrangements. It requires additional computer hardware, software, and training. Most importantly, current insurance systems usually have no mechanisms by which TBC clinics can bill for the collaborative services of the care management nurses, psychologists, psychiatrists, advanced practice nurses, and social workers that full TBC requires.
Although the investment costs of the program were lower than the reduction in payments received by the delivery system, the implementation of TBC practices was a resource-intensive health reform initiative. It required sustained investment in leadership, clinical and analytic workforce, a robust information system, and additional quality incentives. Transforming practice culture presents continuous operational challenges of monitoring and rewarding collaboration among teams and across systems of care. The cost of implementing TBC is an ongoing investment in which outcomes that provide value to the delivery system may need to be realized over time and if supported by value-based or accountable care organization reimbursement structures could represent decreased health care expenses. Further research would be needed to address value to the patient or the community.
Limitations
This study has several important limitations. First, only the highest and lowest levels of TBC were studied to understand the relationship between practice types and outcomes. Program evaluation techniques were not used to assess the marginal benefits of elements of the multifaceted TBC intervention. Additionally, total cost of implementation may not have been fully captured because we did not measure how the observed outcomes would be attenuated by intermediate levels of team-based integration.
Second, this study was performed in a fully-integrated delivery system, and direct translation of these findings may be limited until similar incentives and support infrastructures exist elsewhere.
Third, outcomes measured in this study were evaluated over 4 years, but were specific to Intermountain's corporate objectives and clinical integration structure and had established registries that permitted longitudinal analysis; thus, only the patients with a continuous relationship or a specific disease state were studied. As such, quality, utilization, and cost outcomes were not recorded if patients received primary care outside Intermountain's system; thus care received outside of the Intermountain system was not included in the analyzed data set.
Fourth, this was an observational study, so causality cannot be determined and confounders should be considered. The implementation of TBC was studied in clinical practice settings, and the propensity to change differed among people and practices; therefore, clinic levels of adoption changed over time and patients migrated across clinics and practice types.
Fifth, due to the lack of randomization, patients contributed person-time to both TPM and TBC groups among separate years depending on the practice's level of program implementation. However, the analysis did control for MHI and TBC exposure to address this concern. During the sensitivity analysis, other covariates (ie, practice specialty) were evaluated, but not included in the final models because they did not affect the final result. Furthermore, several secondary data elements such as patient engagement, overall functional status of health, and social determinants of health have also been associated with health outcomes, but were not available for study. Future analysis could include these variables to assess association with TBC.
Sixth, given the dynamic nature of health care, another limitation relates to differences in practices that reached routinized TBC compared with others that were slower at adoption. The reasons certain practices switched to TBC are unknown and could represent important confounders for the associations observed. For example, practices that were effective at TBC may have had early-adopter characteristics that were important effect modifiers for the results and may have also influenced the persistence of the patient-clinic relationship and be more likely to engage in outreach initiatives, use registries, schedule follow-up visits with patients, etc. Likewise, the Patient Health Questionnaire-9 survey, used as both a standardized depression assessment and outcome measure was more likely to be recorded in TBC practices, leaving inadequate data available from TPM practices to compare Patient Health Questionnaire-9 changes over time.
Conclusions
Among adults enrolled in an integrated health care system, receipt of primary care at TBC practices compared with TPM practices was associated with higher rates of some measures of quality of care, lower rates for some measures of acute care utilization, and lower actual payments received by the delivery system. 
